To evaluate the effect of the cannula removal technique on postoperative vitreous incarceration using an experimental model of vitrectomized eye.
METHODS. In a prospective, experimental, randomized, and observer-masked study, 118 cadaveric pig eyes were vitrectomized through 23-gauge transconjunctival sclerotomies. Once vitrectomy was finished, one of the superior cannulas was extracted with the illumination probe inserted through it, and the other cannula was removed with a cannula plug inserted. Postoperative incisional vitreous entrapment was evaluated by direct visualization. No vitreous incarceration was classified as grade 0 (G0), thin vitreous entrapment was classified as grade 1 (G1), and thick vitreous strands as grade 2 (G2).
RESULTS. Considering the sclerotomies whose cannulas were extracted with the light probe inside, vitreous incarceration was detected in 93.2% (73.7% G1, 19.5% G2) of the incisions. In turn, vitreous entrapment was observed in 95.8% (43.2% G1, 52.6% G2) of the entry sites whose cannulas were extracted with the plug inserted. Statistical analysis showed significant differences when comparing postvitrectomy vitreous incarceration grades in sclerotomies according to the cannula extraction technique (P < 0.0001).
CONCLUSIONS.
Interposing the light probe through the cannula during its removal reduces vitreous incarceration grade in our experimental model. This simple maneuver may decrease complications related to vitreous entrapment, such as peripheral retinal tears and acute endophthalmitis. ( 2, 3 Since the implantation of the TSV, numerous studies have analyzed different aspects of the sclerotomies such as the presence of incisional vitreous incarceration. [4] [5] [6] [7] [8] [9] [10] [11] This vitreous entrapment may work as an incisional plug, favoring postoperative sclerotomy closure; however, it has been also related to some postoperative complications, such as peripheral retinal tears as a result of postoperative vitreous contraction, [12] [13] [14] acute endophthalmitis due to the presence of incisional vitreous wick that may facilitate the entry of bacteria into the vitreous cavity, 15 and fibrovascular proliferation that is considered a major risk factor for recurring vitreous hemorrhage in diabetic patients. 16 Previously, some authors have described different maneuvers aimed to reduce this postoperative vitreous incarceration. 17, 18 Moreover, it has been suggested that interposing a nonhollow element through the cannula when it is extracted may reduce vitreous entrapment. 19 In our study, we analyzed the influence that this cannula extraction technique may exert on postoperative sclerotomy vitreous entrapment. We used direct visualization as the evaluation method, given that it is superior to other indirect viewing techniques, such as ultrasound biomicroscopy (UBM) or anterior segment optical coherence tomography (As-OCT), in the detection of vitreous entrapment. 19 
METHODS
This prospective, experimental, randomized, and observed-masked study included 118 pig eyes (Sus scrofa domesticus species). Exclusion criteria were presence of corneal or crystalline lens opacity, conjunctival or scleral alterations, and intraoperative complications. All globes were obtained 3 hours after pigs were killed, and were kept in cold storage at 48C prior to use, with the aim of preserving the properties of all ocular tissues, including the vitreous gel. 20 As the eyes were obtained from pigs killed for human consumption from a regulated slaughter house, no statements for the use of animals in ophthalmic research were applicable.
The 23-gauge sclerotomies (23-gauge TSV system; Alcon Laboratories, Fort Worth, TX) were performed using an oblique incisional technique 4 mm from the limbus. 21 The first step in this technique was to laterally displace the conjunctiva with the aid of forceps; after that, the globe was penetrated tangentially with the trocar-cannula at an angle of approximately 30 degrees, parallel to the corneal limbus, all the way of the beveled trocar up to the beginning of the cannula; finally, the penetrating direction was modified to a perpendicular orientation (pointing to the center of the globe) for the rest of the trocar up to the collar of the microcannula. One of the authors (L.L.-G.) performed complete vitrectomy ( Fig. 1 ) with the infusion pressure set at 40 mm Hg, until the vitreous cavity was judged optically empty, using the Accurus vitreotome (Alcon Laboratories). This study was not designed to determine if different infusion pressures used to perform vitrectomy have any influence on the degree of incisional vitreous incarceration, so a fixed pressure value was used. The pressure value was determined as that appropriate for performing vitrectomy in the pig eye. Vitrectomy was also performed inside both superior cannulas, and all around the vitreous cavity next to the inner tip of the cannula; we also reached each perisclerotomy area by inserting the vitreotome probe through the opposite superior cannula. After checking that balanced salt solution (BSS) flowed freely through both superior cannulas, the infusion line was clamped and 1 mL of triamcinolone acetonide 40 mg/mL (TrigonDepot, Bristol-Myers Squibb Company, Princeton, NJ) was slowly injected through the cannula used by the vitreous cutter, with the aim of staining intraocular residual vitreous. The infusion line was opened and all the free triamcinolone that was not adhered to residual vitreous was exchanged for BSS.
After that, infusion pressure was lowered to 5 mm Hg and the superior cannulas were extracted following their oblique incisional pathways. In 59 randomly chosen eyes, the cannula used by the vitreous cutter during the vitrectomy was removed with the light pipe introduced through it (Fig. 2) , and the cannula used by the illumination probe was taken out with the cannula plug inserted. In the other 59 eyes, the cannula used by the illumination probe during the vitrectomy was removed with the light pipe introduced, and the one used by the vitreous cutter was extracted with the cannula plug inserted. In this way, we avoided the possible effect that the different manipulations exerted on the sclerotomies by the vitreous cutter or the illumination probe could have on postoperative vitreous incarceration. Finally, intraocular pressure was raised to 10 mm Hg (to slightly ''harden'' the eye), the infusion line was clamped, and the infusion cannula was taken out with the clamped infusion line inserted.
Eyes were cut and divided in two portions through the posterior third coronal plane of the globe. We first performed a penetrating incision parallel to the limbus with a scalpel, and then we completed the cut 3608 around the globe with Wescott scissors. Finally, slit-lamp photographs of the internal side of the sclerotomies were taken.
The image sequences obtained were reviewed, and one snapshot from each sclerotomy was selected for presentation in a masked fashion to one of the authors (J.B.-H.) who classified the sclerotomies according to the grade of vitreous incarceration in the wound, in a similar manner to that previously described. 17 Grade 0 (G0) was defined as absence of vitreous incarceration at the sclerotomy site (Fig.  3) , grade 1 (G1) was considered as the presence of delicate vitreous strands directed to the inner hole of the incision (Fig. 4) , and grade 2 (G2) was classified as the existence of thick vitreous strands aimed toward the sclerotomy (Fig. 5) . The injection of triamcinolone acetonide, which stained the intraocular residual vitreous, allowed us to visualize the incisional vitreous strands clearly.
Statistics
For all statistical tests, P < 0.05 was considered the significance level.
To compare the effect of the different elements (light pipe/cannula plug) inserted through the cannula during its extraction on the presence or absence of vitreous incarceration, without considering the amount of incisional vitreous in grades (G0 versus G1þG2), we used Fisher's exact test. In turn, to compare the vitreous entrapment grade (G0, G1, or G2), according to the element inserted through the cannula during its removal, we used the Mann-Whitney U test. Statistical analysis was performed using StatviewþGraphics TM (Abacus Concept, Inc., Cupertino, CA).
RESULTS
Vitrectomies were performed without any incidents. Post mortem vitreous was clear in all globes, and core and cortical vitreous were removed easily. Most eyes did not present posterior vitreous detachment; however, for studying vitreous incarceration in anterior sclerotomies, we did not need to extract posterior hyaloid but just enough core and anterior vitreous to allow BSS to flow freely through the cannulas after removing the instruments. No intraoperative complications, such as retinal breaks or retinal detachments, were detected in any case.
Considering the 118 sclerotomies with cannulas extracted with the light probe inside, 8 had no signs of vitreous entrapment (G0; 6.8%), 87 had minimal vitreous strands incarcerated (G1; 73.7%), and 23 had thick vitreous strands entrapped (G2; 19.5%). In turn, taking into account the 118 sclerotomies whose cannulas were removed with the plug inserted, 5 had no signs of vitreous incarceration (G0; 4.2%), 51 presented minimal vitreous entrapment (G1; 43.2%), and 62 presented important vitreous incarceration (G2; 52.6%) (Fig.  6) .
When the presence of incisional vitreous incarceration was analyzed, without considering the amount of vitreous entrapment in grades (G0 versus G1þG2), we did not find significant differences in the vitreous entrapment rates observed with the two different elements inserted through the cannula (light pipe or cannula plug) during its extraction (P ¼ 0.768; Fisher's exact test). However, when we compared the vitreous incarceration grade observed in the superior sclerotomy sites (G0, G1, or G2), we found significantly less G2 vitreous entrapment in the incisions whose cannulas were extracted with the light probe inserted (P < 0.0001; Mann-Whitney U test).
DISCUSSION
In recent years, authors have described different maneuvers to reduce the sclerotomy vitreous entrapment rate after vitrectomy. Sabti et al. 17 studied by UBM the effect of performing complete vitreous shaving around the sclerotomy sites under scleral depression, and found that it diminished significantly the incisional vitreous incarceration rate. Later, Chalam et al. 18 described the use of a curved vitrectomy probe, which facilitated extraction of the vitreous around the inner sclerotomy hole and, thus, could reduce the incisional vitreous entrapment rate. Recently, it has been suggested that introducing a nonhollow element through the cannula during its extraction, such as the light probe, may reduce the incisional vitreous entrapment after vitrectomy. 19 However, no studies up to now have demonstrated the effect of this maneuver on the postoperative vitreous incarceration rate detected with direct visualization. This visualization technique might be more sensitive than indirect viewing methods, such as UBM and As-OCT, 19 which may be attenuated by semitransparent media such as the sclera or the pigment epithelium layer. 22 Our invasive procedure can be performed only in human cadaveric or animal experimental models. In that sense, it is difficult to obtain human cadaveric eyes as close to the death moment as those coming from animals. Increasing the time gap between death and surgery may alter the dynamic properties of the vitreous tissue, making results less reliable.
Our results suggest that inserting the light pipe into the cannula during its removal reduces significantly the amount (grade) of the postoperative vitreous incarcerated as compared with those sclerotomies in which cannulas were taken out with the plug inserted. This difference may be due to the displacement effect of the vitreous placed inside the cannula by the light pipe insertion. When the cannulas were taken out with the plug inserted, the vitreous situated inside the cannulas was not pushed toward the vitreous cavity, but rather was displaced to the inner face of the sclerotomies, leading to a greater amount (grade) of vitreous incarceration.
When we analyzed the vitreous entrapment rate without distinguishing the amount of vitreous incarceration in grades (G0 versus G1þG2), we did not find differences between the cannula removal treatments. In fact, we found vitreous strands in practically all the sclerotomies analyzed (93.2% and 95.8%, depending on the incisional subgroup evaluated), as had been previously described by other studies that used an endoscopic video probe 10 or an external video camera system (MiyakeApple exploration). 11 Therefore, regardless of the element inserted through the cannula during its extraction, and in spite of performing intense vitreous shaving around the incision sites during the operation, it was not possible to leave the perisclerotomy region free of vitreous in almost any sclerotomy after the vitrectomy. This high rate of vitreous incarceration may be caused by the inserted cannulas, which protrude 2 to 3 mm into the vitreous cavity, possibly impeding complete clearing of the vitreous that surrounds the cannula. 10 When the cannulas are taken out, this pericannular residual vitreous may be displaced to the inner side of the sclerotomy, favoring vitreous entrapment. Therefore, pulling out the cannula over the fiber light may favor the displacement of the vitreous placed inside the cannula, reducing the amount (grade) of vitreous incarceration but not the total incarceration rate.
The fact that more than 90% of the sclerotomy sites had vitreous incarceration in our study, while it is expected that less than 3% of vitrectomized eyes will develop retinal detachment, 23 means that not all vitreous incarceration might result in retinal break formation and subsequent retinal detachment. Of 23 TSV procedures, 8% developed entry-site retinal breaks (within 1 clock hour of an entry site) 13 and in 177 consecutive TSVs, 40% of detected breaks were sclerotomy related.
14 These data could justify a role of entrapped vitreous in sclerotomy sites as a possible pathogenic mechanism of retinal break formation. Trying to diminish vitreous sclerotomy incarceration could well reduce the postvitrectomy retinal detachment rate.
Because porcine vitreous composition 24 and porcine scleral thickness [25] [26] [27] differ slightly from human eyes, absolute incarceration rates obtained here should not be considered the main conclusion of our study. Nevertheless, our results are similar to those observed in human research. 10, 11 The important outcome of our study is the relative difference in vitreous entrapment grade detected in sclerotomies whose cannulas were extracted with the light pipe or the plug inserted.
In conclusion, to diminish the risk of suffering complications related to vitreous incarceration, we propose to insert a nonhollow element through the cannula during its extraction (interposing maneuver), such as the light pipe, given that this procedure may allow us to empty the cannula of residual vitreous. This technique has been used previously by other authors 4, 28 ; however, none of them had analyzed its influence on postoperative vitreous incarceration. It is almost impossible to clear all perisclerotomy vitreous by the vitrectomy and, thus, practically all entry sites present vitreous incarceration after vitrectomy. However, this does not diminish the value of the interposing maneuver, which at least allows us to reduce the amount of this vitreous entrapment significantly.
Our animal model may become the basis for future studies to analyze the influence that other modifiable factors may exert on incisional vitreous incarceration after vitrectomy, such as the length and angle of the scleral tunnels, the shape of the sclerotomies (lineal or V-''shaped'' incisions), the presence of gas tamponade inside the vitreous cavity, and the intraocular pressure value during the cannula extraction.
